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HEAT SINK AND ELECTRONIC DEVICE 
EMPLOYING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a heat sink for cooling a 
semiconductor element which emits much heat such as a 
micro processing unit (referred to as an MPU hereinafter). 

2. Description of the Prior Art 

Heat sinks have been used for cooling semiconductors 
and the like which emit much heat. Recently, in particular, 
a fan-motor-integrated heat sink incorporated with a small 
fan is used for coping with the high heat emission of the 
MPU etc. 

Conventional heat sinks will be described hereinafter. 
FIG. 8 is a perspective view of a conventional heat sink and 
FIG. 9 is a cross sectional view of the conventional heat 
sink. 

In FIGS. 8 and 9, reference numeral 81 denotes an MPU 
that is a high-exothermic semiconductor element, 82 a heat 
sink substrate which is mounted on the MPU 81, 83 radiator 
fins, 84 driving means such as a motor or the like, 85 a fan 
and 86 a structure such as the casing of a notebook-type 
personal computer etc. for defining a space above the heat 
sink. 

The operation of a conventional fan-motor-integrated heat 
sink having the aforementioned structure will be described 
hereinafter. Heat emitted from the MPU 81 is transmitted to 
the heat sink substrate 82 and the radiator fins 83. Air flow 
generated by the fan 85 rotated by the driving means 84 is 
taken in between the structure and the upper surface of the 
heat sink as shown by an arrow A and passes among the 
radiator fins 83 while carrying off heat therefrom to be 
vented from the side surface thereof as shown by an arrow 
B. 

The aforementioned conventional structure had a problem 
that it was impossible for thin devices such as the notebook- 
type personal computer limited in thickness to secure a 
sufficient space for taking in air from above the heat sink and 
consequently to secure a sufficient cooling performance. 
Although the entire heat sink may be made thin for securing 
sufficient space, a motor capable of rotating the fan to 
generate a sufficient amount of air flow for cooling the 
device required a certain degree of thickness because of the 
structure of its bearing and coil, so that the motor was 
structurally limited in being made thin. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a fan- 
motor-integrated heat sink capable of effectively supplying 
cooling air flow to an element even if the same is a heat 
emitting element such as an MPU etc. employed by a thin 
device which cannot secure a sufficient space above the heat 
sink. 

In order to attain the above object, the present invention 
obtains a sufficient space for taking in air between the upper 
surface of the heat sink and the casing of a device by making 
the height of the fan and those of the fins of the heat sink 
lower than the height of the upper surface of the fan driving 
means such as a motor which is structurally limited in 
thickness relative to the heat sink substrate. Furthermore, the 
heat sink substrate and the fins are formed such that air is 
vented only in one direction to compensate for the reduction 
of cooling performance caused by miniaturizing the fan and 
the fins of the heat sink substrate, and a cover is provided on 
the inlet side to prevent the vented air from being taken in. 
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This structure enables arranging a structure above the heat 
sink nearly as low as the height of the motor and conse- 
quently mounting the heat sink on a thin device. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a heat sink according to a 
first embodiment of the present invention; 

FIG. 2 is a plan view of the heat sink according to the first 
3Q embodiment of the present invention shown in FIG. 1; 

FIG. 3 is a cross -sectional view of the heat sink according 
to the first embodiment of the present invention; 

FIG. 4 is a perspective view of a heat sink according to a 
second embodiment of the present invention; 
15 FIG. 5 is a cross -sectional view of the heat sink according 
to the second embodiment of the present invention; 

FIG. 6 is a perspective view of a heat sink according to a 
third embodiment of the present invention; 

FIG. 7 is a view showing the inside of an electronic device 
20 which incorporates therein the heat sink according to the 
third embodiment of the present invention; 

FIG, 8 is a perspective view of a conventional heat sink; 
and 

25 FIG. 9 is a- cross-sectional view of the conventional heat 
sink. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 The preferred embodiments of the present invention will 
be described hereinafter with reference to FIGS. 1 to 7. 

FIG. 1 is a perspective view of a heat sink according to a 
first embodiment of the present invention, FIG. 2 is a plan 
view of the heat sink according to the first embodiment of 

35 the present invention, and FIG. 3 is a cross-sectional view of 
the heat sink according to the first embodiment of the present 
invention. 

In FIGS. 1, 2 and 3, reference numeral 1 designates a heat 
emitting element such as an MPU or the like on which a heat 

40 sink is mounted for cooling, the heat emitting element 1 
having, for example, in case of an MPU, usually a shape of 
a quadrangle such as a square, a rectangle or the like having 
a side of 40 mm to 50 mm. Numeral 2 is a heat sink 
substrate, which is substantially square-shaped in outline 

45 almost similar to the heat emitting element 1 and which may 
be made of resin such as plastics without being limited to 
metals such as aluminum, brass, etc. so long as it is high in 
thermal conductivity as a member. The heat sink substrate 2 
may be in outline of other shapes such as a circle as needed. 

50 The heat sink substrate 2 having a flat edge surface is 
mounted on the heat emitting element 1 according to a fixing 
method, using a bond, hooks, screws, etc. such that the flat 
side thereof is in contact with the upper surface of the heat 
emitting element 1. A side wall 3 is provided on three other 

55 edge surfaces of the heat sink substrate 2, the side wall 3 
being provided along the edge surfaces of the heat sink 
substrate 2 at the outer side thereof and being substantially 
circular around the rotating axis of a fan 7, described later, 
at the inner side thereof. The side wall 3 defines the direction 

60 of air flow and the blowing-out direction thereof and serves 
as a fin as well. An edge of the heat sink substrate 2 where 
no side wall 3 is provided becomes an outlet 4. Numeral 5 
designates a plurality of radiator fins, which are provided 
substantially in parallel to the flowing out direction of air in 

65 the vicinities of the outlet 4 while substantially in circular 
arcs each having a predetermined length with its center at the 
rotating axis of the fan 7, described later, in other places. 
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Although they are arranged substantially in circular arcs of the heat sink according to the present invention resides in 

according to this embodiment, they may be arranged sub- being able to be made thin and it is mainly used for cooling 

stantially along a spiral. Numeral 6 is a motor serving as • the semiconductor elements in a thin electronic device, the 

driving means, which motor 6 is fixed to the surface of the outer dimension of the heat sink is about 40 mm in side 

heat sink substrate 2 on which the radiator fins 5 are 5 length and about 10 mm in height. Therefore, the dimension 

provided according to a fixing method using a bond, screws, °* tne fan m height needs to be limited to about 5 mm in 

press fitting, etc. " order to secure a sufficient route for air flow between the 

Numeral 7 designates an axial fan rotated by the motor 6, U ^ S * d ? c * of } ht heat sink and lhe structure 9. In 

which fan 7 is arranged inside the side wall 3 for generating ^ ?n ° f * ^ bMt nC * dS t0 be iimited t0 

air flow to take in and blow out air. The fan 7 is made of 10 abo ^° _ mm ' a conventional heat sink as shown 

metal having high thermal conductivity such as aluminum G ' ; u ? uaU y . em P lo ys a centrifugal fan such as a 

etc. for enhancing radiator effect. Incidentally, it may be sc ^° fan for ta &og m air from above and venting it in a 

made of resin such as plastics etc., not being limited to metal direction, the present invention employs an axial fan 

so long as it is high in thermal conductivity as a member. Sin ?* su ® cient J ^ a L de cannot be obtained for the 
Numeral 8 is a cover for covering the edges of the heat sink 15 centrifugal fan. Without the cover 8, air flow directed 

substrate 2 where the side wall 3 is provided, which cover d u ow u nward b J the »n 7 is reversed in flowing direction by 

8 has an opening larger in diameter than the outer diameter the heat Smk substrate 2 10 esca P e toward the inlet through 

of the motor 6 and smaller than the outer diameter of the fan am u ° Dg r ^ bkdeS ° f the fan 7 0r thrOUgh space 

7 and which is mounted on the side wall 3 of the heat sink be * ween ^he fan 7 and the inner wall of the heat sink 
substrate 2 using a bond, screws, pressure welding etc 20 substrate 2. Providing the cover 8 to cover a part of the fan 

Numeral 9 designates a structure such as the casing of a 1 15 effectl ^ e / or restraining such escape. In case that the 

notebook-type personal computer for regulating space above diam f ler °* ™ opening of the cover 8 is larger than the 

the heat sink. * envelope of the tip ends of the fan 7, a larger amount of air 

t, „ „ , . „ . , . 1 _ m escapes toward the inlet. Alternatively, in case that the 

The side wall 3 is smaller in height than the motor 6. The dimeter nf th* nnpnina «f th» 0 • u 1 , . 

c n „ n • ■ 1 A 4 , . j r & - A . _ , . aiameter or tne opening or trie cover 8 is much smaller than 

fan 7 is provided on the side surface of the motor 6 being 25 t u* * n win™. nf tL ii„ n t <u» r n .u aui * 11Ci lLidU 

s r h rd f th % lo T end ,? er ^ such tha y he w t Wtfii'ffi r i 

ITJZ l *£H D ,?* u ° f ^ P rac,ical *»> since the PerfonBance varies depending on the 

?£Z ' I h "S h ' betwee ?. *f heat smk ^strate 2 slnlcture inside the ^ ^ u ^ st ^ cture g 9 the 

7 ,h 1, I" 5 "I 50 ^n aS n °l t0 " UCh ' he f f 30 °P e ™S d ™ e <*™ ^ set to be optimal to the device 

7 thereunder while being substantially as high as the side 30 j„^,„ t , n , nu u .u c • T . , 

wall 3 in the vicinity of the outlet 4 and outside the fan 7. S ^ ?T 1S ,, m ° unted on the heat 

As shown in FIG. 3, even if the structure 9 is designed to be 8 8 , T embod f ent / V My bc 

arranged close to the upper surface of the motor 6, there ™ t e ' aS t0 b ' m0Un,ed ° D the heat Slnk 

exists a sufficient space into which air flows between the 2 by Z l ^ * 

structure 9 and the cover 8, so that it is possible to generate 35 A SeCOnd embodlment Wl11 n°w be described. FIG. 4 is a 

a smooth air flow by the rotation of the fan 7 perspective view of a heat sink according to the second 

tl, „„.„,• Fl . . , . , , . . embodiment of the present invention, and FIG. 5 is a 

wiJtl? hH t f ?T g W StmCtUre cr °ss-sectional view of the heat sink according to the second 

will be descnbed with reference to drawings. embodiment of the present invention. 

In FIG 3 heat generated in the heat emitting element 1 is 40 Reference numeral 11 designates a heat emitting element 

transmitted to the heat sink substrate 2, the side wall 3, the sucb M an M PU etc. on which the heat sink is mounted for 

radiator fins 5 and the cover 8. Air flow generated by the fan cooling, 12 is a heat sink substrate, 13 designates a side wall 

7 rotated by the motor 6 ts taken m from above the heat sink provided on three edge surfaces of the heat sink substrate 12 

as shown by an arrow A, passes through the opening of the 14 designates an outlet for blowing out air formed on an 

cover 8 and among the fins 5 while carry ing off heat 45 edge surface of the beat sink substrate 12 where no side wall 

therefrom toward the outlet 4 and s vented from the side 13 is provided, 15 designates a plurality of radiator fins 

surface of the heat sink as shown by an arrow B. Even in integrally provided with the heat sink substrate 12, 16 is a 

case that the upper structure 9 is arranged as close as motor serving as driving means, 17 is an axial fan rotated by 

possible to the upper surface of the motor 6 in order to make the motor 16, 18 is a first cover for covering the edges of the 

the device thin, the structure of the present invention can so heat sink substrate 12 where the side wall 13 is provided and 

secure an inflow route of air since it can afford a space above 21 designates a structure such as the casing of a notebook- 

the cover 8. A conventional structure employing a motor type personal computer for regulating a space above the heat 

having the same thickness cannot secure a comparable sink. The components described above are similar to those 

amount of air flow since the inflow route is blocked although according to the first embodiment, so that the description 

the fan is exposed to the outside to a greater extent than the 55 thereof is omitted. Numeral 19 is a second cover which is 

structure of the present invention. In addition, in case that substantially quadrangular and concave in outline and one 

the motor itself is made thin in the conventional structure, side of which is open with an inlet 20 for determining the 

the inflow route of air can be secured but the reduction of inflow direction of air. The second cover 19 is mounted on 

motor output cannot be avoided, so that the amount of air the heat sink substrate 12 such that the inlet 20 is directed in 

flow is reduced. Thus with the structure of the present 60 a predetermined direction relative to the heat sink substrate 

invention, an effective cooling becomes possible since the 12 

inflow route of air is secured without reducing the motor The operation of the heat sink having the above structure 

P ' according to the second embodiment will be described with 

Next, the operation of the cover 8 will be described with reference to FIGS. 4 and 5. The heat sink substrate 12, the 

reference to FIG. 3 as well. In a heat sink having the above 65 outlet 14, the fins 15, the motor 16, the fan 17 and thefirst 

structure, the fan 7 can have either of the structure of an axial cover 18 have the same structures as those of the first 

fan or that of a centrifugal fan. However, since the advantage embodiment set forth above, and the second cover 19 is 



